Objective: To quantify, by means of profi lometry, the removal of dental enamel during the use of a microabrasion technique involving the use of hydrochloric acid and manual abrasion with a plastic spatula. Method: Thirty six specimens obtained from human third molars were polished to obtain fl at surfaces and divided into 3 groups (n = 12) according to the different treatments received: A placebo treatment with deionized water as a negative control (CG); microabrasion with 6.6% hydrochloric acid, Opalustre TM (G1); and microabrasion with 6% hydrochloric acid, Whiteness RM TM (G2). The microabrasion was performed in a standardized manner by submitting the specimens to 4 cycles of 10 seconds each and manual abrasion using a plastic spatula (200 g load). The loss of enamel surface was measured after each cycle of treatment by contact profi lometry. Results: Enamel loss was already observed after the fi rst 10 seconds of abrasion with hydrochloric acid in both treated groups (G1 and G2). After 4 abrasions of 10 seconds each, the average fi nal enamel losses in the treated groups were 46.04 µm (G1) and 54.65 µm (G2). In the G1 and G2 groups, a signifi cant increase in enamel wear was detected in each cycle in comparison to the control group (p ≤ 0.05). A signifi cant difference in enamel loss between G1 and G2 was found after 30 and 40 seconds of microabrasion. Relevance: The results of this study provide objective data for safely performing the microabrasion technique on dental enamel using hydrochloric acid and manual abrasion using a plastic spatula. Dental Enamel; Hydrochloric Acid; Enamel Microabrasion.
IntroductIon
Enamel microabrasion is a conservative technique that uses strong acids in association with abrasive agents to remove an outer layer of enamel. [1] [2] [3] It is indicated to correct surface irregularities and for the removal of superficial stains on the dental enamel due to imperfect amelogenesis, fluorosis, hyperplasia, or other conditions. [4] [5] [6] [7] [8] The use of acids to remove stains on enamel was first described in 1916. 9 A correct diagnosis is the first step to a successful approach, since different levels of compromised dental structure require different decisions to avoid sub-or over-treatment. 10 Initially, the enamel microabrasion technique used a finishing and polishing bur at high speed on the altered surface with a highly concentrated acid solution (18% hydrochloric acid). 11 Later on, weaker acids were used with smaller abrasive particles, which were soluble in water and easy to apply, without the use of a finishing bur. 5, 12 Today, microabrasion techniques typically use hydrochloric acid at concentrations in the order of 6%, mixed with an abrasive agent containing small particles of silicon carbide. According to Chandra and Chawla (1975) , the use of an abrasive substance increases the speed of stain removal by mechanical action. 13 Although microabrasion is a conservative procedure, knowledge of the technique is fundamental to perform it correctly. Since there is a structural loss of enamel, prolonged enamel microabrasion may lead to marked enamel structure wear and cause excessive tooth color alteration. 14 When a tooth surface is microabraded, the thickness of enamel is reduced and the color of the dentin becomes more pronounced. 14 Some authors have reported a darker or yellowish color on teeth subjected to enamel microabrasion. 14 According to Lynch and McConnell (2003) , 2 based on laboratory studies, 15 enamel removal varying from 45.5 µm to more than 100 µm is not clinically significant. On the other hand, according to Shillingburg et al. (1973) , the removal of more than 0.13 mm (130 µm) may be clinically significant, especially in repeated treatments. 16 So, based on the information above, we may assume that enamel removal below 100 µm is not clinically significant, 2 and, above 130 µm, it may be clinically significant. 16 Data can be found in the literature on the amount of enamel removal after microabrasion with hydrochloric acid (6%-18%) in association with application of a low speed handpiece and rubber cups at several rotations per minute. 3, 10, 11, [17] [18] [19] The microabrasion technique can also be performed with manual abrasion, using a plastic spatula, with satisfactory results. 20 Among some of the positive points supporting the application of manual abrasion using a plastic spatula during microabrasion are the ability to control the scattering of HCl over the enamel surface, to manage the exact stained enamel areas to be abraded, and to control the intensity of the procedure by the operator. There is little information in the literature about the amount of enamel loss after microabrasion when hydrochloric acid (6%) is used and abrasion is performed manually with a plastic spatula. Additionally, to the best of our knowledge, the profilometry method
has not yet been used to precisely measure hard tissue loss and to identify the limits to a micro invasive clinical application. Since manual abrasion is a possible alternative in the microabrasion technique, and since the amount of enamel wear when the technique is performed combining 6%
HCl with manual abrasion is not known, the aim of the present study was to investigate through profilometry the amount of enamel surface loss after a microabrasive treatment using two commercially available gels and manual abrasion using a plastic spatula.
The hypothesis of the study was that enamel microabrasion using 6%-6.6% HCl, at a 200 g load, After drying, the tape was removed and the surface was cleaned with cotton, soaked with deionized water to remove any remaining adhesive. Samples were stored in deionized water at 4 o C and randomly allocated into the study groups, according to Table 1. manually rubbed using a plastic spatula, during 4 cycles of 10 seconds each, would remove an amount of enamel that is clinically acceptable.
MaterIal and Methods sample Preparation
After 
The steps of sample preparation and treatments are illustrated in Figure 2 .
Microabrasion
The enamel surfaces were dried with absorbent paper and the exposed enamel in the experimental groups (G1 and G2) was covered with microabrasion gel. Immediately after that, the gel was 
Profilometry analysis
The enamel surface loss was analyzed using a contact digital profilometer (Konturenmessgerät - ending at the next reference enamel surface on the right side of the sample, as previously described. 21, 22 Under each scanning line, twelve measurements of depth were made as illustrated in Figure 3 .
Statistical analysis
The mean values obtained of the depth of enamel surface loss for each sample at each experimental time were used for the statistical analysis. Since the data of all groups showed homoscedasticity, they were statistically analyzed using ASSISTAT (version 7.7) software by means of 2-way RM ANOVA and post-hoc Tukey tests at a 5% significance level.
results
The removal of enamel was already detected after the first 10 seconds of hydrochloric acid contact with the enamel in association with manual abrasion in the G1 and G2 groups (Table 2, Figure 4 ). In all treated groups, after every 10 seconds of treatment, a significant increase in removal of enamel was observed (p ≤ 0.05; Table 2 ). After the third and fourth cycle of microabrasion, enamel surface loss was also observed for both treated groups (G1 and G2, p ≤ 0.05; Figure 4 ). The G2 group showed greater enamel loss in comparison to the G1 group (p ≤ 0.05). After 4 cycles of abrasion, the high- Therefore, dentists should perform microabrasion seemed to be appropriate with regard to maximum enamel removal. 16 The average enamel loss in both treated groups after 40 seconds of microabrasion can be considered safe and clinically acceptable.
2, 3
Enamel microabrasion is a procedure that has precise indications and several advantages, but it requires caution and special care by both the professional and patient. According to Shillingburg et al. (1973) , given that enamel thickness is approximately 1 mm, removal of 0.13 mm may be clinically significant, especially in repeated treatments. 16 Therefore, clinicians must be aware of the remaining enamel thickness when treating discolored areas. 3 The 
